A wireless sensor network (WSN) is a system consisting of a collection of nodes and a base station. A node is composed by a processor, local memory, sensors, radio and battery and a base station is responsible for receiving and processing data collected by the nodes. They perform collaborative activities due to limited resources, such as battery, processor and memory. Nowadays, the applications of WSNs are many and varied, and the applications in agriculture are still incipient. One interesting WSN application is in greenhouses, where the crop conditions such as climate and soil do not depend on natural agents. To control and monitor the environmental factors, sensors and actuators are essential. Under these circumstances, WSN should be used to make a distributed measure, spreading sensors all over the greenhouse. In a great number of applications the sensors are located in a fixed point of the greenhouse. However, even in a greenhouse there are differences between some environmental variables from one place to another. Thus, using WSN should guarantee not only real time monitoring, but also guarantee a better control. This paper presents a proposal of greenhouse control using WSN, its advantages, challenges and future applications.
Introduction
The use of computational systems and technology in agricultural applications has become viable, since the associated costs are decreasing (Serôdio, 2001) . In particular, the use of Wireless Sensor Networks (WSN) has become usual in several areas, such as environmental, health and military, where they are used for tracking, monitoring and controlling.
In agricultural applications, monitoring and control are essential to support consumer requirements and to get productivity improvements. Two important branches of agriculture are precision agriculture and vegetable cultivation in greenhouses, in which the production management has to be more controlled, so that the values of a set of parameters have to be approximated to a value considered ideal. Temperature, humidity and water, radiation and CO 2 concentration are the major features that are monitored in greenhouses (Hanan, 1998) . WSNs should be applied in greenhouse control systems, providing a distributed and real time sensing, obtaining parameters values differences inside the greenhouse.
A distributed greenhouse control system based on LonWorks technology is presented in (Pereira and Cugnasca, 2005) , where the processing and communication connections are distributed among the components of the system, called nodes. Other related works are shown by Wang et al. (2006) , where some applications using wireless sensors, including greenhouse control are presented. In these applications, technologies such as WLAN, Bluetooth and RF transmission are presented.
This work discusses the use of this technology in greenhouse control application. This proposal differs from those shown by Wang et al. (2006) since it will use communication protocols developed specifically for WSN. This text is organized as follows: the next section briefly describes the wireless sensor networks technology. The following sections describe a greenhouse application for wireless sensor networks and its architecture. Finally, considerations about using wireless sensor networks in agriculture and environment control, some requirements and future work are presented.
Aim
The aim of this work is to present a proposal of a distributed greenhouse control and monitoring system using WSNs, to enable a future implementation of a wireless control system. A similar, but wired system is presented by Pereira and Cugnasca (2005) , so this proposal is intended to stimulate researches in WSN area, specially related to environment control, obtaining mobility and flexibility in greenhouse control.
Wireless Sensor Networks
A Wireless Sensor Network (WSN) is a distributed system composed by several small modules, called nodes, which have sensors, a processing unit, limited memory and a communication device (Akyildz et Ninomiya and G. Schiefer 2002) . In a WSN the nodes usually have restricted resources, therefore the nodes co-operates with each other to perform specific tasks. The major constraint is the sensors lifetime, because the nodes' power supply have limited capacity and cannot be replaced in most applications (Ruiz et al., 2004; Loureiro et al., 2003) . The basic architecture of a sensor node is presented in Figure 1 . The use of WSN has increased in the last years and has been used in many different areas, such as environment control, health and military sectors. Typical applications of WSN include habitat monitoring, and area monitoring, where sensor nodes are scattered in a region to collect data. It is important to emphasize that besides the nodes, that are able to monitor environmental conditions, such as temperature and humidity, there is al least one base station with much better processing, memory and energy supply resources and is responsible for receiving and processing all data collected from the network. Specifically in agriculture, possible WSN applications comprise precision agriculture and environmental control, such as greenhouses.
Depending on the application, different tasks and objectives will be required, so the protocols used in communication should change in accordance to each application. Unlike, computer networks protocols, WSN communication protocols must not only guarantee data transmission between nodes, but also have to be energy aware. This characteristic is necessary because communication specially data transmission is a node operation that consumes more energy.
Greenhouses
A greenhouse is a structure covering ground frequently used for growth and development of plants that will return the owner's risk time and capital (Hanan, 1998) . This structure is mounted with the purpose of protecting crop and of allowing a better environment to its development. This protection is enough to guarantee a superior quality in production in some cases. However, when the major goal is to achieve a better control on the horticulture development, it is necessary to monitor and control the variables that influence the development of a culture.
The major function of a greenhouse is to provide a more propitious environment than outside. Unlike what happens in conventional agriculture, where crop conditions and productivity depend on nature resources, such as climate, soil, and others, a greenhouse must guarantee production independently of climatic factors.
It is important to observe that even though a greenhouse protects crop from external factors, such as winds, water excess and warmth, it may cause several problems such as fungus, and excessive humidity. Therefore, the mechanisms to monitor and control a greenhouse environment are very important to achieve better productivity (Luo et al., 2005) . To obtain good productivity and quality, a better control system is necessary and, consequently, the production costs also reduced.
The main elements involved in a greenhouse control system are: temperature, humidity, CO 2 concentration, radiation, water and nutrients. It is important to note that although these factors are presented separately, they are related and influence each other (Pereira and Cugnasca, 2005; Hanan, 1998) . The main factors are:
• Temperature: temperature is one of the most important factors to be monitored because it is directly related to the growth and development of plants. For all plants there is a temperature range considered ideal and to most plants this range is relatively close, varying between 10º C and 30º C (Hanan, 1998) . Among the parameters of temperature to be controlled are important extreme temperatures, maximum and minimum, day temperature and night temperature, as well as the difference between day and night temperatures, called DIF (Hanan, 1998; Pereira and Cugnasca, 2005) .
• Water and humidity: another important factor in greenhouses is water. The absorption of water by plants is related to radiation. The absence or low level of water influences growth and photosynthesis. Besides air and ground humidity also modify the development of plants. The air humidity is related to transpiration while the ground humidity is related to water absorption and photosynthesis. An environment with excessive humidity decreases plants transpiration, reducing growth, and may promote the proliferation of fungus. On the other hand, low humidity level environments could cause dehydration.
• Radiation: radiation is a decisive element in greenhouse production and sunlight is the major source of radiation. It is an essential component to photosynthesis and to carbon (C) fixing (Pereira and Cugnasca, 2005) . The important radiation features are intensity and duration. The radiation intensity is related to plants growth and the duration is directly connected to its metabolism (Hanan, 1998 ).
• CO 2 Concentration: CO 2 is important because it is an essential nutrient for plants development, allowing the absorption of carbon. The carbon retaining process occurs during the photosynthesis, when plants remove CO 2 from the atmosphere. During the photosynthesis, the plant uses carbon and radiation to produce carbohydrate, whose function is to allow the plant development (Hanan, 1998) . Therefore, an enriched air environment should contribute to plant's growth, but it is important to note that an excessive carbon level may turn the environment toxic.
Control Systems
To control and monitor the environmental variables listed in an earlier section, sensors and actuators capable of measuring and controlling the values inside the greenhouse are necessary. Generally, a greenhouse control is implemented just by approximating a measured value to a reference or ideal value, known as set point, as shown in Figure 2 . The ideal value depends on the culture and type of plant. Control systems can be divided into centralized and distributed systems. In a centralized system a single element is responsible for gathering and processing data. So, all components of the system are connected to this single element. In a distributed control system the connections between nodes and the information processing is distributed among the system components. The main advantages of a distributed system may include (Pereira and Cugnasca, 2005) :
• Reliability: a component failure affects only part of the system; • Expansion: the possibility of adding a new component without great changes in the system; • Flexibility: changes in the operation such as adding, removing and substituting of components impacts only in the components involved in these operations. Wang et al. (2006) show some agricultural applications of wireless sensors. In this paper some wireless applications using WLAN, RF links and Bluetooth are shown. The major problem of these technologies is that they are not developed for WSN and they do not present mechanisms to improve energy consumption.
In this context, some changes should be made in the distributed system using LonWorks (Pereira and Cugnasca, 2005) and WSNs should be used to monitor the greenhouse environment in a distributed way. In this proposal, the nodes should be spread all over the greenhouse, including its structure and soil to monitor climatic factors that should influence in the productivity. In this way, it is possible to monitor all places inside the greenhouse, identifying not only local values, as in many applications, but checking real time and distributed values. Therefore, the greenhouse control should be improved, allowing a settlement in a way that the whole environment can be adjusted as close as possible to a set point.
It is important to observe that, in most applications, the sensors are placed in a point of a greenhouse, and the measures gained are used to control the entire greenhouse. However, even though in a controlled and relatively small place like a greenhouse, it is possible to have different values of climatic agents. Thus, the use of WSN in a greenhouse environment should allow a real time monitoring and a better measurement through convenient nodes distribution.
The collected data in the system proposed should be sent to a base station located outside the greenhouse. The base station has to be connected to the WSN by a gateway, as shown in Figure 3 . With the implementation of this architecture, each node will be responsible for data collecting through its sensors, and for sending it to its neighbors until all collected data arrive at the base station. To connect the base station to the WSN, a gateway should be used. This gateway should use wireless and Ethernet communication. The base station will be responsible for managing collected data, so some greenhouse control softwares and some wireless actuators are necessary. In this application node protection will also be necessary to avoid damage by water and inputs (Mainwaring et al, 2002; Szewczyk et al., 2004) . To reconfigure the nodes tasks the base station or some Personal Digital Assistant (PDA) device should be used.
It is important to emphasize that the use of wireless sensors and actuators is advantageous to make the system installation easy and to obtain flexibility and mobility in the nodes configuration. Besides, a control system using WSN should guarantee the advantages of a distributed system, such as reliability, flexibility, and expansion facilities,
The difficulties in applying WSN in agricultural applications may include costs and lack of standardization on WSN communication protocols. The first problem should be partially solved by the use of network simulators that usually provide an environment to simulate communication between sensor nodes. One very important simulation tool is NS-2 (Network Simulator 2), developed by the University of California (NS-2, 2006) . Unfortunately, this simulator should not provide all WSN communication protocols and it is not an easy task to analyze its trace files. Moreover, the great number of tools developed to support NS-2 trace files analysis cannot be used with wireless communications. So, some simulation tools have been developed specially for WSN, such as EYES WSN Simulation Framework (Duman, 2005) and SENS (Sundresh et al, 2006) . To provide standardization on WSN protocols Zigbee has been developed with IEEE. Zigbee is a communication standard intended to develop a wireless communication standard at low-cost, very-low power consumption in complement to IEEE 802.15.4-2003 standard. In this development, the IEEE 802.15.4 defines the Physical and Medium Access Control layers, whereas Zigbee Alliance should define Network and Application Layers (ZIGBEE, 2004) . The main advantage of using Zigbee protocols is the standardization and the low power consumption proposed by this protocol.
Conclusion
A proposal of agricultural application using wireless sensor networks for greenhouses monitoring was presented. The WSN technology, although under development, seems to be promising, mainly because it allows real time data acquisition. However, for a wireless agricultural application to be developed, some technological challenges should be resolved.
A greenhouse is a controlled environment and does not need a lot of climatic parameters to be controlled. The use of WSN technology in large scale seems to be something for the near future. In this application, the great number of climatic parameters can be monitored using the sensor nodes presently available (except CO 2 concentration). An important advantage of using WSN is that it allows distributed monitoring, which provides a more accurate control of crop conditions. As a greenhouse is a relatively small and controlled environment, and energy is a limited resource, the possibility of replacing batteries or even resorting to a constant energy source adaptation is a favorable aspect to the use of WSN in this kind of application. Added to that, the avoidance of cables provides a flexible and mobile configuration of nodes.
Finally, it is possible to conclude that the WSN technology applied to greenhouse control seems to be a promising research area. Moreover, agriculture is an interesting application area, with some challenges, like other sensors using wireless actuators and products standardization in crop production to guarantee that products from different manufacturers can communicate to each other. This standardization should be achieved by Zigbee communication protocol. The reduction of costs and node size to the point they can be spread with seeds is also a challenge.
Future work includes the implementation of the proposed system to confirm the hypothesis presented. In this implementation it is interesting to use Zigbee protocol to provide standardization. The development of precision agriculture applications (Camilli and Cugnasca, 2005; Camilli and Cugnasca, 2004) and the development of a system to provide communication between a WSN and tractors and harvesters during crop operations can be included. This technology can also be applied in breeding of confined animals in precision zootechny, where the sensor nodes should send information about animal temperature, pressure and other vital signals to guarantee a healthy environment to animals.
